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Int. a.:-C 07 c 57/04, COMPLETE SPECIFICATWN 

Stabilization of Acrylic AcM- ^' *^ A 

We, BP Chemicals (U.K.) LiMitED, for- 
merly known as DisratERS CH^'^^^f 
AND Plastics Limited, of Devonshire House, 
Mayfair Place, Piccadilly, London, W.i, a 

5 Bridsh Company, do hereby declare thcjnvcn- 
tion, for which we pray that a patent may be 
granted to us, and the method by which it is 
fo be performed, to be particularly described 
in and by the following •statement:—- 

10 The present invention relates to the stabil- 
ization of. acrylic aci,^ . j • 

Acrylic acid can be polymerized under con- 
troUed conditions to give useful* polymers, but 
the monomer has a strong tendency to poly- 

15 merize during preparation, recovery and 
storage. Various mcjhods have been proposed 
for the stabilization of polymcrizablc mono- 
mers such as acrylic acid, c.g. the addition, of 
p-bcnzo-quinone, hydroquinone or nitric 

"''wc have how found it possible to stabilize 

acrylic acid monomer against polynicrization 

much more effectively than is possible by the 

methods nicntioncd above for the inhibition of 
25 the polymerization 

Accordingly the present invention is a 

orocess for stabilizing acrylic acid against 

polymerization which comprises the addition 

of a nitroxidc having the essential -skeletal 
30 structure: 





35 



wherein R„ R.., R^ and R, are alkyl groups 
and no hydrogen is bound to the remaming 
valencies on the carbon atoms bound to 

nitrogen. . . 

The present invention is also a composition 
comprising acrylic acid monomer stabilized by 



a nitroxide having the cssentUl skeletal^ 

■*"Tt hii been found that the combination of 
acrylic acid and nitroxide of formula (I) is 
■ particularly advantageous because the 
liitroxide can be an effective stabilizer m the 
presence of oxygen and does not g'vc^""- 
desirable coloured compounds when oxygen is 
present. This in marked contrast to nitric 
oxide, as the use of nitric oxide as a stabil- 
izer required rigorous exclusion of oxygen 
from the monomer. 

The addition of a controlled quantity ol 
molecular oxygen to acrylic acid may be used 
to stabilize the acrylic acid agamst polymer- 
ization. An amioxidant may be added to the 
acrylic acid to give, more satisfactory inhibi- 
tion than is obtained by molecular oxygen 
alone. However if oxygen has been used to 
inhibit polymerization of acryhc acid and the 
oxygen. supply is cut off, polymerization is 
more likely to take place than if no oxygen 
whatsoever had been used. This is a great dis- 
advantage of the use of molecular oxygen as 
a stabilizer but it can be overcome by adding 
a nitroxidc of formula (1) to the acrylic acid. 
The nitroxide is stable in the presence of 
oxygen but if the oxygen supply fails the 
presence of the nitroxide will prevent poly- 
merization. It will be appreciated that the 
ability of the nitroxide to function both in the 
presence and absence of oxygen is a rnitkcd 
imorovement over the prior art in which a 
choice had to be made between an oxygcn- 
fr^e and oxygen-containing system, and m 
which any change from one system to the other 
would lead to highly undesirable resuhs. 

Although as we have indicated above it is 
possible to stabilize acrylic acid- in the 
presence of oxygen, for the very best results 
it is preferred to exclude oxygen and oxygen 
yielding materials froni the compositions of 
the present invention. In the presence of 
oxvgen peroxy compounds of Acrylic acid tend 
to be formed, which on decomposition lead to 
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ihc consumption of nitroxidc. However the 
compositions of the present inv.ntfbn will still 
J be stabilized against polymerisation m oxygen 
' concentrations in the acrylic, acid of up to 
5 those present in a monomer m cquiUbrium 
• With air at atmospheric pressure. ThiS is 
• extremely useful as there is therefore no need 
: to purge the acrylic acid with inert gaS to 
remove dissolved oxygen. This is in nriarkcd 
10 contrast to monomers stabUizcd with some 
othciL inhibitors effective in the absence of 
oxyiOfc Thus nitric oxide may be used to 
inhibit the polymerization of monomers in 
absence of oxygen but where oxygen- is present 
15 , the inhibiting -action of nitric oxide is lost. 
The alkyl groups R, to may be the same 
or different, and preferably contain 1 to 15 
carbon atoms. It is particularly 
use nitroxides having- the essential skeletal 
20 structure (1) in which R, to R., arc methyl, 
ethyl or propyl groups. 

The remaining valencies of the carbon 
atoms in the essential skeletal structure which 
are not satisfied by R, to R, or nitrogen may 
25 be satisfied bv any atom or group except 
hydrogen which can bond covalcntly to carbon 
although some groups may reduce the stabil- 
izing power of the nitroxide structure (1) and 
arc undesirable. Examples of suitable atoms 

■ ' O 

30 or groups arc halogen, cyanide, — C< 

OR 

.0 

when R is alkyl or aryl, — C< , — SPh, 

NH, 

— S^COCH,, — OCOCH,, — OC9Q:H,, 
alkenyl where the double bond is not in con- 
jugation with the group — N— and alkyl. The 

O 

35 two remaining valencies which arc not satis- 
fied by Ri to R, or nitrogen may also form 
part of a ring. Examples of suitable com- 
pounds having the essential skeletal structure 
(1) and in which the remaining valencies of 

40 (1) form part of the ring an pvrrolidine-1- 
oxyls and piperidinc -1- oxyls. A particular 
example of a suitable compound in which the 
remaining valencies of the essential skeletal 
structure (1) form part of a ring is 2,2,6,6 

45 tctramcthyl - 4 - hydroxy - piperidinc - 1- 
oxyl. Where the remaining valencies of (1) arc 
satisfied by alkyl groups R ., R^ to give a com- 
pound of formula 

R, R, 

I I 
R..— C— N— C— R , 

•'III 
R. O R.. 

(11) 



the groups R. to R.; preferably contam 1 to.l5 50 
carbon atoms. Examples of suitably groups 
and R» are methyl ethyl and propyl groups. A 
specific example of a suitable conipound . 
having the cssc./ial structure (1) is di-|crt_;jj 

butyl nitroxide. ■ 

In a particularly advantageous embodiment 
of the present invention the nitroxide having 
the essential structure (1) is a nitroxidc having 
between 8 and 9 carbon atoms in the mole- _ 
culc. Nitroxides with this number of cajon w 
atoms in the molecule arc particularly effec- 
tive in suppressing "pop-corn" like polymqr- 
ization which is a rapid polymerization giving 
rise to a very high molecular weight insoluble 
polymer. The formation of "pop-torn" poly- W 
mer is most undesirable and materials which 
suppress the formation of this polymer arc 

extremely valuable. 

The monomers will not necessarily be 
stabilized indefinitely by the presence of the 
nitroxidc especially when the monomer w 
heated as in distillation, but the acrylic acid 
monomer may be considered to be stabilised 
as long as there is a measurable increase in the 
time for which the monomer can be heated 
before polymerization starts. 

Examples of concentrations of nitroxidc 
necessary to give a satisfaaory increase m 
stability arc those between 10 and 1000 parts 
per million of monomer, although concentra- w 
tions outside this range can be used if 

reauired. . .* 

The invention will now be illustrated bjr 

reference to the following examples : ' 

Example 1. _ 
A solution of the polymerization initiator*, 
azo-bis (isobutyronitrilc) at a concentration of 
1.2 X 10-= mole/litre, in freshly distilled 
acrylic acid containing as an additive di-tcrt 
butvl nitroxidc at the concentration shown in ^ 
Table 1 was scaled under vacuum in a glass 
tube which was heated at 50° C. 



Example 2. 

In a comparative example, acrylic acid com- 
positions were prepared and heated as in 
Example 1 except that bcnzoquinonc, hydro- 
quinone and DPPH O^.^' - diphenyl - fi- 
picrylhydrazil) at the concentrations shown in 
Table 1 were used in place of the nitroxide. 
A blank experiment in which no additive 
apart from the polymerization initiator was 
present was also carried out. 

The time taken for the solutions of Exam- 
ples 1 and 2 to become cloudy, due to tne 
formation of a fine suspension of polymer par- 
ticles, is also given in Table 1 . Di-tcft, butyl- 
nitroxide is dearly superior m its stabilizing 
action to the radical scavenger DPPH and to 
other additives. 
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* Table I 



Addiuve 
None 



Bcnzoquinonc 
Hydroquiqonc 
DPPH 

di-tcrt butyl* , 
Nitroxide 



Concentration 
Mole/Litre 



l7l^-10-3- 

* 

6.6 X lO-a 

1.0 X i6-» 

2.5 x 10-=» 



Concentration" 
p.p.m. by wt. 



.410 
680 

< 

380 
330 



• 

•rime to 

—visible-polymer - 
formation, min. 



1 



21 



345 



Example 3. 
A sample of distilled acrylic acid containing 
the ^additive 2,2,6,6 - tetramcthyi - 4 - hydroxy- 
pipcridinc-l-oxyl at the concentration shown 
in Tabic 11 was sealed under vacuum and 
heated at 90*^ C, the time taken for particles 
of polymer to appear is given in Table 11. 

Example 4. 
In a comparative example acrylic acid solu- 
tions were prepared and heated as in Example 



3, but containing the additives hydroquinonc, 
' phenothiazine and cupric chloride at the con- 
centrations shown in Table 11 instead of the 
nitroxide of Example 3. 

The stable nitroxide radical 2,2,6,6 - tetra- 
mcthyl-4-hydroxy-piperidine-l-oxyl of Exam- 
ple 3 is clearly superior to the known radical 
scavenger cupric chloride and to the other 
additives of. Example 4. 



Table II 



Additive 
None 

Hydroquinone 

Phenothiazine 

Cupric chloride 

2,2,6,6,-tetramethyl- 
4-hydroxypiper- 
idine-l-oxyl 



Concentration 
Mole/litre 



2J X 10-3 
1.4 X 10-3 
5.7 X 10-3 



Concciitration 
p.p.m. by wt 



1.4 X 10-3 



280 
250 
730 



220 



Time to 
Visible polynier 
formation, min. 



1 

69 
435 



9,060 



Example 5. 
A scaled tube containing distilled acrylic 
acid and approximately ^quimolar amounts of 
di-tert, butyl nitroxide and oxygen at the 
concentrations shown in Table 111, was 
shaken at 90° C. The time taken for polymer 
particles to appear is given in Table 111. 



Example 6. 
In a comparative example an acrylic acid 
solution was prepared and heated as in Exam- 
ple 5, but containing approximately equimolar 
amounts of nitric oxide and oxygen at the 
concentrations shown in Table 111. In the 
presence of oxygen di-tert butyl nitroxide is 
an effective stabilizer and is clearly superior 
to nitric oxide. 



Di-tcrt butyl 
nitroxide con- 
centration 
molc/litrc 



3.8 X 10-* 



Nitric oxide 
concentration 
molc/litrc 




2,6 X -10-' 



WHAT WE CLAIM IS:— ^ 
1. The process .of .s.tabiUzing acrylic ' acid 
monomer against polymerization- which com- 
prises the addition to the acrylic acid of a 
nitroxide having the essential skeletal struc- 



ture: 



I 

I I 
O 



I ^ 

C— 
I 



(I) 



where R, to R4 are alkyl groups and no 
10. hydrogen is bound to the two remaining 
valencies on the carbon atoms bound to 
nitrogen. . , 

2. The process according to Claim 1 
wherein R, to R^ each contain 1 to 15 Carbon 

15 atoms. 

3. The process according to claim 2 
wherein Ri to R^ are methyl, ethyl or propyl 
groups. 

4. The process according to any one of the 
20 preceding claims wherein the remaining valen- 
cies of the carbon atoms which are not satis- 
fied by-R, to R4 or nitrogen are satisfied by 
alkyl radicals R.^ and R^. 

5. The process according to any one of 
25 claims 1 to 3, wherein the remaining valencies 

of the carbon atoms which are not satisfied by 
R, to Rj or nitrogen form part of a ring. 

6. The process according to Qaim 4 
wherein the alkyl radicals R- to R« each con- 

30 tain 1 to 15 carbon atoms. 

7. The process according to Claim 6 



Oxygen, 
concentration 
mole 'litre 



4 X 10 



2.7 X 10-3 



Time to visible 

-polymer 
formation mi?i. 



195 

2 



wherein R., and R.. arc methyl, ethyl, or, 

propyl. . • 1 • ^ 

8. The process according to claim 7 
'wherein the nitroxide having the essential 
skeletal struaure (1) is di-rer/-butyl nitroxide. 

9. The process according to Claim 5 
wherein the nitroxide having the essential 
skeletal structure (1) is a pyrrolidine- 1-oxyl 
or a piperidine-l-oxyl. 

10. The process according to claim 9 
wherein the nitroxide is 2,2,6,6 tcira-mcthyl- 
piperidine- 1-oxyl 

.11. The process according to any one of 
the preceding claims wherein the total number 
of carbon atoms in the molecule of the 
nitroxide having the essential skck:ta4 struc- 
ture (1) is 8 or 9. 

12. The process according to any one of 
the preceding claims wherein the quantity of 
nitroxide having the essential structure (1) 
added to the acrylic acid monomer is between 
10 and 1000 parts per million parts of acrylic 
acid. 

13. The process according to any one of 
the preceding claims wherein molecular oxy- 
gen is present in amount up to that- sufTicicnt 
to give a saturated solution of acrylic acid at 
atmospheric pressure. 

14. The composition comprising acrylic 
acid monomer stabilized by a nitroxide having 
the essential skeletal structure (1). 

15. The process for stabilizing acrylic acid 
monomer substantially as herein before 
described with reference to the Examples. 

J. HARRY, . 
Agent for the Applicants, 
Great Burgh, Epsom, Surrey. 
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